In this paper we describe the stratigraphy and sediments deposited in Lake Samra that occupied the Dead Sea basin between ∼ 135 and 75 ka. This information is combined with U/Th dating of primary aragonites in order to estimate a relative lake-level curve that serves as a regional paleohydrological monitor. The lake stood at an elevation of ∼ 340 m below mean sea level (MSL) during most of the last interglacial. This level is relatively higher than the average Holocene Dead Sea (∼ 400 ± 30 m below MSL). At ∼ 120 and ∼ 85 ka, Lake Samra rose to ∼ 320 m below MSL while it dropped to levels lower than ∼ 380 m below MSL at ∼ 135 and ∼ 75 ka, reflecting arid conditions in the drainage area. Lowstands are correlated with warm intervals in the Northern Hemisphere, while minor lake rises are probably related to cold episodes during MIS 5b and MIS 5d. Similar climate relationships are documented for the last glacial highstand Lake Lisan and the lowstand Holocene Dead Sea. Yet, the dominance of detrital calcites and precipitation of travertines in the Dead Sea basin during the last interglacial interval suggest intense pluvial conditions and possible contribution of southern sources of wetness to the region.
Introduction
During the Quaternary several lakes have occupied the tectonic depressions along the Dead Sea transform (DST): the mid-to late Pleistocene Lake Amora, the last interglacial Lake Samra, the last glacial Lake Lisan and the Holocene to modern Dead Sea (Neev and Emery, 1967; Stein, 2001; Bookman et al., 2006; Torfstein, 2008) . The limnological conditions of these lakes (e.g., levels, structure and chemistry) were largely affected by hydrological changes in their watershed (Stein, 2001; Enzel et al., 2003) . Their sedimentary record, therefore, serves as regional paleoclimatological gauges that consistently recorded wet and dry episodes at all temporal scales.
This study focuses on the sedimentological and limnological history of Lake Samra that occupied the Dead Sea basin (DSB) during the last interglacial. Well-exposed stratigraphic sections from onshore to lake-margin and deeper lacustrine environments are available for reconstruction of the paleoenvironmental conditions and stratigraphy architecture (following similar works such as Manspeizer, 1985, and Bartov et al., 2007, among others) . The remarkable preservation of lacustrine and fluvial archives from the last interglacial Dead Sea area provides insights into the paleoclimatological conditions of this region, which are still mostly unknown for this period of time. In this work we present the first systematic documentation of sedimentary sections of the Samra Formation (that was deposited from Lake Samra) and the reconstruction of its depositional environments. Combining the sedimentological and stratigraphic information with U-series dating of primary aragonites, we were able to estimate the lake-level history for the time interval between ∼ 130 and 75 ka. The reconstructed lake level is compared to other records in order to understand potential regional and global climatic forcing during the last interglacial.
Regional geology and previous studies
The DSB is the deepest continental pull-apart basin formed along the DST (Garfunkel, 1981; Ben-Avraham, 1997) . During the Miocene, the basin was filled by fluvio-lacustrine deposits of the Hazeva Formation (Garfunkel, 1981) . Later during the Pliocene, the Mediterranean Sea intruded the DSB forming the Sedom lagoon that deposited thick sequences of salts (Zak, 1967) . After the disconnection of the lagoon from the open sea, terminal lacustrine bodies successively occupied the basin: the middle to late Pleistocene Lake Amora, the last interglacial Lake Samra (the subject of this paper), the last glacial Lake Lisan, and the Holocene Dead Sea (e.g., Stein, 2001; Bookman et al., 2006) (Fig. 1) .
Whereas the last glacial Lake Lisan and the Holocene Dead Sea have been widely studied during the past few decades, providing significant archives of paleoenvironmental changes (e.g., Neev and Emery, 1967; Begin et al., 1974; Katz et al., 1977; Stein et al., 1997; Enzel et al., 2006) , little is known about their last interglacial predecessor, Lake Samra. The sediments deposited from this lake and its surroundings (composing the Samra Formation) are exposed along the DSB from the Iddan region in the south to the central Jordan Valley in the north (Fig. 2) . The formation was first described in the Jericho area north of the Dead Sea as fluvio-lacustrine deposits (Picard, 1943; Rot, 1969; Begin et al., 1974; Begin, 1975) . Zak (1967) correlated these exposures with the upper part of the Amora Formation, which were mapped around the Mt. Sedom salt diapir, south of the Dead Sea. Other sedimentary units from the DSB were associated with the Samra Formation (e.g., Bentor and Vroman, 1960; Langozky, 1961; Sneh, 1982; Manspeizer, 1985; Kaufman et al., 1992; Weinberger et al., 2000) ; however, a complete sedimentary description of these deposits was lacking as well as their spatial correlation.
Environments of deposition
The sediments deposited in Lake Samra and its surroundings (the Samra Formation) represent several depositional environments similar to those previously described in detail for Lake Lisan and the Holocene Dead Sea (Machlus et al., 2000; Bartov et al., 2002; Bookman (Ken-Tor) et al., 2004 and references therein) . The following sedimentary environments are discussed in this paper: 1) the onshore depositional environment, which includes alluvial and fluvial deposits; 2) the marginal lacustrine environment, which consists of a relatively narrow zone at andvalong the shore; and 3) the offshore lacustrine environment that includes deposits from different water depths. Specific lithofacies were recognized in these depositional environments based on systematic differences in grain size, sedimentary structures and textures, amount of clastic material, and bedding characteristics.
Onshore environments include mainly stream fan deltas, and alluvial and fluvial plains. At the lake margins, breaking waves wash away finer sediments building beach ridges that consist of pebbles or coarse sand (Bartov et al., 2007) . In flat areas such as the southern extreme of the basin, however, oolites cover extensive areas (Sneh, 1982) , occasionally interfingering with travertines (Enmar, 1999; Waldmann 2002; Waldmann et al., 2007) . As deposits are shifted toward deep water, the influence of waves on deposition is reduced and grain size diminishes. The sediments may exhibit ripple marks, flute structures and cross-bedding as a consequence of wave energy variations. Clay-to silt-size laminated deposition takes place in the lacustrine environment indicating periods of layered-lake configuration, similar to that in Lake Lisan (Stein et al., 1997) . It should be highlighted, however, that while primary aragonite (deposited from the lake water) is a major constituent of the Lisan Formation, it seldom appears in the offshore lacustrine sedimentary sequences of the Samra Formation, which consists mainly of calcitic marls (Waldmann et al., 2007) .
Sequence stratigraphy
The lithofacies associations described above, recognized in the different stratigraphic successions, represent regressive and trans- Stratigraphic correlation between outcrops in the southernmost extreme of the DSB. Locations of sites are shown on the Digital Elevation Model (DEM) map: 1) Perazim 7 columnar section (PZ7), 2 to 8) Arava columnar sections (AR5, AR4, AR3, AR6, AR7, AR2 and AR1, correspondingly). U/Th ages at the PZ7 columnar section from Waldmann et al. (2007) . Three sequences are recognized within the Samra record: S1 to S3, which are related to lake levels as shown in Figures 6 and 7. Note the increased distance between the PZ7 columnar section and the AR columnar sections, which makes this correlation of ages and sequences a proposed correlation. Height of the different columnar section is in m below mean sea level and measured at the transition between the Samra and Lisan formations.
gressive episodes of the lake. The sequence architecture of the Samra sediments is, therefore, attributed to three factors: lake-level fluctuations, initial topography/morphology and availability of detrital material (following Posamentier et al., 1992) . In flat areas surrounding the basin, correlations among stratigraphic sections include intercalations of onshore and offshore deposits allowing reconstruction of the lake-level behavior. Taking into consideration the large size of the DSB and distances among the different outcrops, we documented separately the stratigraphy of the Samra Formation in the southern, northern, and central parts of the basin.
The southern DSB
The stratigraphy of the southern extreme of the DSB is based on seven measured sections covering a distance of over 14 km along the western side of the Arava valley (Fig. 3) . The correlation between the Arava sections is based on marker beds that were physically traced in the field and later compared to the same horizons dated in the Perazim 7 (PZ7) columnar section (Appendix A, on-line supplemental material). We emphasize, however, that this correlation is one possible interpretation under the existing limited age information. Distances between the columnar sections were measured using an electronic distance measurement (EDM) and elevations confirmed with differential GPS. The chronological framework is based on several U/Th ages (Waldmann et al., 2007 ) that were obtained from aragonite laminae in the PZ7 columnar section and are summarized in Table 1 .
Five main sequences defined by major unconformities were identified in the exposures. The uppermost sequence stands for the Lisan deposits, which was recognized by internal lithological markers such as thick packages of purely laminated aragonite and detritus and defined gypsum beds (Bartov et al., 2002; Torfstein et al., 2008) . The lowermost sequence is identified as part of the Amora Formation based on the correlation of the sections in the northernmost Arava valley with the PZ7 columnar section. Both these lowermost and uppermost sequences were not considered in the stratigraphic analysis, while we focus here only on sequences S1 to S3 (Fig. 3) .
The S1 sequence partially outcrops in the Arava valley in sections AR5, AR4 and AR3 consisting of pebble and cobble layers finingupward to intercalations of silt and clay. Both the base and top of this unit are confined by erosional unconformities. The entire sequence thickens northwards with the increment of larger clast grain sizes in those areas in relation to fluvial input. Thus, the elevation of the sequence represents the highest possible lake level during this period of deposition. An estimation of the S1 age is derived by correlation with the PZ7 columnar section (considering possible caveats due to the large distance), where an age of approximately 116 ka was obtained at ∼5 m above the sequence's base (Table 1) .
Sequence S2 is exposed at the northernmost sections of the Arava valley as well and is characterized by a fining-upward succession bounded by erosional surfaces. The sequence begins with coarse wellrounded clastic sediments overlain by intercalations of marls and fine silts, probably indicating a lake-level drop that was followed by a minor lake-level rise. As in S1, the age of S2 was estimated by correlation to PZ7, where a U/Th age of ∼89 ka was obtained from the laminated section 4 m above the sequence base (Table 1) . Identifying no major unconformities and hiatuses within the lacustrine part of the sequence, we estimate that S2 was deposited between ∼115 and ∼85 ka.
The overlying S3 sequence is similar to the previous sequences consisting of a fining-upward succession that starts with coarse and rounded clastic sediments overlain by intercalations of marls and fine silts. It reaches a maximum thickness at the northern AR5 columnar section while thinning and completely being eroded southwards. Overall, this sequence shows a transition from alluvial and fluvial deposits in the southernmost sites to a lake setting in the north. Although there is no dated material in this sequence, we estimate its age by constraining the top of this cycle with a U/Th age obtained ∼1 m above the basis of the Lisan Formation in the PZ7 columnar section. The retrieved U/Th age yielded ∼67 ka, thus placing this sequence between ∼85 and 75-70 ka. S3 is interpreted as representing a short-term lake-level rise in the basin.
The northern DSB
A stratigraphical correlation was physically traced in the northern DSB among four measured sections located along the western flanks of the Jordan River and following the basin axis (Fig. 4) . Overall, the laminated lacustrine-type deposits thicken southward as the clastic material increase northward, probably related to increase clastic input by the Jordan and Tirza rivers ( Fig. 2 for location) . The stratigraphic boundary between the Samra and Lisan formations was identified by distinctive markers within the Lisan Formation (e.g., the triple gypsum unit; Bartov et al., 2002) and is chronologically constrained by U/Th ages retrieved at the Bet Ha'Arava columnar section (BA). At this locality, an age of 72 ± 3 ka was retrieved 20 cm above this transition while an age of 108 ± 12 ka was recovered ∼ 1 m below it indicating a prominent depositional hiatus (Fig. 4 , Table 1 and Appendix B, on-line supplemental material). North of the Bet Ha'Arava columnar section, the transition between the Samra and Lisan formations is characterized by a 1.5-m-thick paleosol horizon enriched with gastropods, suggesting local increase in wetness.
The central DSB
Three columnar sections were erected in the central sector of the western Dead Sea margin: Massada (MZ), Mishmar (MS) and Mor (MR) (Appendixes C, D and E, respectively in the on-line supplemental material). The different sites are further correlated to the previously described PZ7 columnar section (Fig. 5) . Since no physical continuation exists between these outcrops, the stratigraphic correlation was not performed in a typical "onshore to offshore" pattern (e.g., the proposed correlations in Figs. 3 and 4) but rather parallel to the lake's western shore. To minimize truncation by streams entering the basin from the west, the different sites were chosen in the terraces at the sides of presentday (and late Pleistocene) fan deltas, thus reducing possible traces of erosion. The three sites are mainly dominated by alternation of laminated lacustrine deposits, which are occasionally interrupted by sand and gavel layers interpreted as beach sediments. The information gathered from the elevations and ages of those shore deposits is crucial in reconstructing the lake-level variations. The stratigraphic boundaries between internal sub-units were constrained by several U/Th ages and recognition of distinct lithological markers (e.g., the triple gypsum unit; Bartov et al., 2002) .
Chronology and level reconstruction of Lake Samra
The lake-level history proposed here (Fig. 6 ) is based on a combination of direct level indicators constrained chronologically in the southern, northern and central regions, as described in the previous section. The current effort to reconstruct the level curve for Lake Samra follows similar studies by Bartov et al. (2002; on Lake Lisan and Bookman (Ken-Tor) et al. (2004) and Bookman et al. (2006) on the Holocene Dead Sea. However, we are aware that in the case of the Samra Formation that both the exposures and the suitable material (primary aragonite) for U/Th age control are limited. Nevertheless, the above described dataset allow for some suggestions and several important conclusions regarding the paleoenvironmental setting of the DSB during the last interglacial interval. The dated samples considered for the lake-level reconstruction come from primary aragonite laminae that closely bound shallow-water indicator sediments such as beach deposits. In addition, we assume a minimal deposition rate of about 1 mm/yr in the lacustrine deposits, which is slightly higher then the rate estimated for the laminated lacustrine sediments (primary aragonite and silty detritus) comprising the Lisan Formation (ca. 0.8 mm/yr; Schramm et al., 2000) . Low lake levels are estimated from the lowest elevation where the sequence boundary exhibits erosional features, while high levels are estimated from the highest elevation of lacustrine units in the sequence (Fig. 6 ). This technique overestimates the absolute lake-level heights, providing a pattern of regressions and transgressions and potential relative changes in lake level.
The transition between the Amora and Samra formations is defined at the base of the S1 sequence (Fig. 6 ). This proposition is based on a U/Th age of ∼ 167 ± 4 ka measured on aragonite lamina approximately one meter below the S1 sequence in the PZ7 columnar section. Aragonite laminae of similar glacial Marine Isotope Stage (MIS) 6 ages compose the upper Amora Formation described on the eastern side of Mt. Sedom (Torfstein, 2008) . Considering the U/Th age of ∼ 116 ka retrieved from aragonite laminae within the S1 sequence and the proposed sedimentation rate, we suggest that the transition between the Amora and Samra formations is located ∼ 130-140 ka, which is consistent with the transition between MIS 6 and 5 in the global records. Taking into consideration a tectonic subsidence of 0.3 mm/yr for western margins of the DSB , the onshore deposits that dominate the lower part of the S1 sequence (Figs. 3, 4 and 5) were deposited during a lake stand lower than ∼ 380 m below mean sea level (MSL) (Fig. 6) . Following this lowstand, the lake level rose to elevations higher than ∼ 320 m below MSL at ∼ 120 ka depositing relatively thick units of laminated lacustrine sediments (N5 m in the PZ7 columnar section; Appendix A in the on-line supplemental material). This elevation is estimated by correlating the exposures in the Arava valley (Fig. 3) and considering a lower subsidence rate in that region (∼ 0.2 mm/yr) (Ben-Avraham and Schubert, 2006 ). Subsequently, the lake level dropped again to ∼ 340-350 m below MSL at an estimated age of 116 ka (as extrapolated from the chronology obtained in the central region and exposure of shore deposits in the southern region; Figs. 5 and 3, respectively). During the S2 sequence the lake rose again above ∼ 310-320 m below MSL (Fig. 6) , considering elevations and ages of erosional surfaces recognized at the Arava valley (Fig. 3) . Approximately 90 ka, the lake receded again and fluctuated several times during sequence S3 before the rise of Lake Lisan at ∼ 75 ka to 260 m below MSL (Fig. 6) (Bartov et al., 2002; Waldmann et al., 2007) . The upper boundary of the Samra Formation is placed at the sequence S3 termination (∼ 80-75 ka) marking the transition to the last glacial Lisan Formation (MIS 4 to 2). Thus, the suggested chronology and distinctive lithology identifies the Samra Formation as an independent chronostratigraphical unit composing sedimentary sequences that were deposited during the last interglacial period.
In summary, the lithology and chronology of the described exposures of the Samra Formation suggest that the lake fluctuated mostly between ∼ 310 and ∼350 m below MSL. The estimated Lake Samra levels are ∼50-100 m higher than the mean level of the Holocene Dead Sea (Bookman (Ken-Tor) et al., 2004; Bookman et al., 2006; Migowski et al., 2006 ). This hydrological difference may indicate a relative wetter regime during the last interglacial compared to present conditions, or else changes in the tectonic subsidence rate of the basin.
Paleohydrological and paleoclimatic implications
The transition between lakes Samra and Lisan was accompanied by a distinct lithological-geochemical change: Lake Samra deposited mainly detrital calcites and some primary calcite while Lake Lisan precipitated mainly primary aragonite, silty detritus and gypsum. Waldmann et al. (2007) proposed that the limited amount of aragonite precipitating during the Samra period reflects diminishing contribution of the Dead Sea Ca-chloride brines to the lake. This, in turn was related to lower amounts of rain above the Judea Mountains during the last interglacial period. Moreover, the deposition of laminated calcites in the Samra Formation indicates fresher water conditions compared to Lake Lisan. Lake Samra was fed by sporadic freshwater floods loaded with substantial amounts of detrital calcites; however, the transport of bicarbonate required for aragonite production was limited (Waldmann et al., 2007) . The paleohydrological and paleoclimatic implications that are derived from the lithological assemblages of both the Samra and Lisan formations are corroborated by the lakelevel patterns. Lake Lisan levels were substantially higher than those of Lake Samra (Fig. 7b) . The differences in levels and lithology (Lisan: primary aragonite and gypsum; Samra: detrital calcites) indicate that the drainage area of the DSB was overall more arid during the last interglacial (Samra) interval than during the glacial (Lisan) period. Moreover, the last interglacial was characterized by sporadic floods, while the glacial interval was distinguished by regular supply of water.
Following paleoclimatic interpretations from the global sea-level curve deduced from coral records (Fig. 7e) Waldmann et al. (2007) and are resumed in Table 1 . Heights of the different columnar sections are in m below mean sea level measured at the transition between the Samra and Lisan formations. Note the enlarged distance between the central sites to the PZ7 columnar section. See legend in Figure 3 . Cutler et al., 2003; Hearty et al., 2007) , a significant deglaciation occurred at ∼135 ka, which is the estimated time of transition between lakes Amora and Samra. The lake dropped significantly around that time (probably below 380 m below MSL, Fig. 7b ) resembling the drop of Lake Lisan during termination I (Stein and Goldstein, 2006) . It is thus implied that the terminations and major sea-level rises are accompanied by major aridity in the Levant region. The terminations are also reflected by negative shifts in the oxygen isotope values of Mediterranean foraminifers (Fontugne and Calvert, 1992) (Fig. 7d) as well as cave speleothems in central and southern Israel (Bar-Matthews et al., 2003; Vaks et al., 2006) (Fig. 7c) . Kolodny et al. (2005) interpreted the δ 18 O shifts of both cave speleothems and Lisan aragonites as mainly reflecting the source composition in the east Mediterranean seawater, which in turn control the Levant meteoric precipitation.
Since the chronology and level reconstruction of Lake Samra are of relatively low resolution, it is not possible to properly correlate short episodes of level change in both the ocean and lake records. It seems that the ∼105 ka sea-level rise, however, is also reflected by a lowstand in the lake, while the cold episodes in the Northern Hemisphere at ∼ 110, 95 and 85 ka (Cutler et al., 2003) could be correlated with minor rises of Lake Samra. A similar behavior is portrayed by Lake Lisan and the Holocene Dead Sea when the lake levels are higher during the cold glacial interval and lower during the warm interglacial (or interstadials) (Bartov et al., 2002; Bookman (Ken-Tor) et al., 2004) . This correspondence calls for a very close relation between global climate, as reflected by global sea-level changes (mainly responding to ice formation or melting), and the Levant regional hydrology. The glacial periods, and even short stadials, are wetter in the Levant, while the interglacial periods, and particularly the terminations, are arid leading to significant lake-level fall. Nevertheless, the dominance of detrital calcites in the sedimentary sequences deposited in Lake Samra during the last interglacial calls for intensive floods and sediment transport to the basin. Speleothems in the Negev desert (Vaks et al., 2006) and travertines in the Arava valley (Enmar, 1999; Waldmann et al., 2007) record similar pluvial conditions during the same time interval. These findings may imply increase regional humid conditions, probably in relation to a southern source during the last interglacial.
Conclusions 1) Lake Samra occupied the tectonic depression of the Dead Sea basin during the last interglacial between ∼ 135 and 75 ka. Its levels fluctuated mostly around 340 ± 20 m below MSL, significantly lower than the last glacial Lake Lisan (mostly between 280 ± 20 m below MSL) but higher than the Holocene Dead Sea (mostly 400 ± 30 m below MSL). Considering the levels of these terminal lakes as regional paleohydrological monitors, the Samra period was overall drier than the Lisan but wetter than the Holocene. 2) Based on facies associations and stratigraphic successions the Samra Formation is divided into three sequences (S1 to S3). S1 was deposited between ∼ 135 and ∼120 ka. S2 and S3 were deposited between ∼ 120 and ∼ 90 ka and between ∼ 90 and ∼ 75 ka, respectively. 3) During the deposition of sequence S1 (∼135-120 ka), Lake Samra rose from under 380 m below MSL to ∼320 m below MSL. During the deposition of sequence S2 (∼ 118-116 ka) the lake first declined to 340-350 m below MSL and then rose to ∼310-320 m below MSL at ∼115 to ∼ 90 ka. Following the S3 sequence the lake dropped to levels lower than ∼ 380 m below MSL, before the rise of Lake Lisan at ∼75 ka. 4) Significant lake-level declines occurred during global sea-level rises (at ∼135 ka, ∼118 ka and ∼ 80 ka), while higher lake-stands occurred during cold events in the Northern Hemisphere (e.g., MIS 5b and 5d). Similar patterns were recorded for the last glacial Lake Lisan (highstand) and the Holocene Dead Sea (lowstand). This calls for a persistent linkage between climatic conditions in the Northern Hemisphere and those in the east Mediterranean, which is the main source of rain falling over the DSB drainage area. Cold conditions in the northern hemisphere were recorded by increase wetness in the drainage area and warm (e.g., last interglacial) by arid conditions. 5) During the lowstand intervals of Lake Samra, when Mediterranean rains were more limited, travertines and speleothems were deposited in the southern Arava-Negev deserts. The occurrence of these deposits suggests enhanced activity of a southern source of wetness during the last interglacial period, compared to the current hydrological conditions in the Dead Sea.
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Appendixes
All the columnar sections are measured from the exposure base (whether in the Samra or Amora formations) until a prominent triple gypsum sequence of the Lisan Formation that served as a lithological marker for further comparison among the columnar sections. The chronology is based on several U/Th ages measured by Thermal Ionization Mass Spectrometer (TIMS) in the Geological Survey of Israel. The legend for all sites is at Appendix A. 18 O record from foraminifera G. rubber (Fontugne and Calvert, 1992) . e) The global sea-level curve (after Stein et al., 1993; Stirling et al., 1998; Tudhope et al., 2001 ). f) Marine Isotope Stages (following EPICA community members, 2006).
